Background: Outer membrane proteins (OMPs) constitute the main structure and about half of the cell wall of Gramnegative bacteria. The OMPs of Escherichia coli (E. coli) play an important role in its drug resistance. Previous studies have shown that the OMPs of E. coli enhance its pathogenic effects by helping the bacterium to evade the immune defense and promote its adsorption to host cells. We sought to compare E. coli isolates collected from different hospital wards and to perform a primary investigation of the association between the serotypes and profiles of their OMPs. We also aimed to detect the diversity of the E. coli isolates from the hospitalized patients. Methods: A total of 115 isolates of E. coli were collected from patients hospitalized in Nemazee Hospital, Shiraz, Iran. After biochemical and serological tests, OMPs were extracted by using glass beads and N-Lauroylsarcosine sodium. OMP typing was done by 10% SDS-PAGE and Coomassie brilliant blue staining. In terms of the number of protein bands, OMP-I was detected with 2 bands, OMP-α with 3 bands, and OMP-β with1 band. Results: Of the 115 isolates, 103 were OMP-I and 12 were OMP-α; none of the isolates belonged to OMP-β. Our statistical analyses showed a relationship between OMP patterns and other factors, including hospital wards and source of samples. Serotyping showed that the majority of the isolates were O128. Conclusion: Our results demonstrated some similarities between the OMP band patterns of the analyzed groups of E. coli. Of all the OMPs in the isolates from the hospitalized and outpatient department patients, OmpA and OmpC were the most prevalent proteins in the outer membrane of the studied uropathogenic E. coli.
Introduction
Urinary tract infection (UTI) is one of the most common infectious diseases, an important public health problem, and a major cause
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What's Known • Outer membrane proteins (OMPs) of E. coli play a significant role in antibiotic resistance and pathogenesis.
• OMP banding patterns obtained by SDS-PAGE are categorized in 3 groups (OMP-I, OMP-α, and OMP-β).
• OMP typing can determine the source of infection and the diversity of isolates collected from different hospital wards.
What's New
• There is no information about E. coli OMP types, especially in Iran.
• OmpA and OmpC were the most prevalent OMPs in our uropathogenic E. coli isolates.
• ABC type band pattern frequency in our hospital isolates was lower than that for the isolates from our OPD patients. of morbidity and mortality in humans. [1] [2] [3] UTI comprises cystitis (infection of the bladder) and pyelonephritis (infection of the kidney) and is defined as colonization of microorganisms in the urinary tract. 3 Uropathogenic Escherichia coli (E. coli) is responsible for 70 to 90% of the cases of community-acquired UTI and approximately 40% of all the cases of nosocomial UTI in the United States. 4, 5 Various virulence factors are responsible for the pathogenicity of uropathogenic E. coli strains in humans. Some of these factors are related to the bacterial envelope.
The cell-surface of E. coli, like other members of Enterobacteriaceae, consists of 3 layers: the cytoplasmic membrane, a peptidoglycan layer, and the outer membrane. The outer membrane consists of lipids, polysaccharides, and proteins. [6] [7] [8] [9] Outer membrane proteins (OMPs) are the main structure and comprise half of the cell wall of a Gram-negative bacterium and act as a physical barrier at the bacterial surface, enabling the bacterium to be resistant against bile salts, antibiotics, proteolytic enzymes, and other hostile factors. [10] [11] [12] [13] Except for plasmid-coded proteins, OMPs are encoded by bacterial chromosomes. The difference between various classes of OMPencoding genes accounts for the difference between major OMPs. 14 Previous studies have indicated the diversity and the broad functions of OMPs. These functions include the uptake of nutrients, nucleosides, phosphate, and maltose and transport of maltodextrins. OMPs also act as receptors for the uptake of ferric iron, vitamin B12, fatty acids, bacteriophages, and bacteriocins. Furthermore, OMPs help the pathogen to evade the host immune defense and promote its adsorption to host cells. 15 Drawing upon sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), previous studies have reported that the major subunits of OMPs comprise ~30-40 kDa proteins and characterized their genetic and serotype relationships. 14, 16 OMP typing can also determine the source of infection and the diversity of E. coli isolates collected from different wards in hospitals.
We sought to compare isolates collected from different hospital wards and to conduct a primary investigation of the association between the serotypes and profiles of their OMPs. We also aimed to detect the diversity of the E. coli isolates collected from the hospitalized patients.
Patients and Methods

Isolates
In a cross-sectional study from April to July 2012, a total of 115 E. coli isolates were obtained from patients with UTI in Nemazee Hospital, Shiraz, Iran. The bacteria were identified and confirmed using standard methods. After gross and microscopic examinations, the urine was cultured on MacConkey agar and Xylose lysine deoxycholate agar (Merck, Germany). The cultured plates were incubated at 37°C for 24 hours until the occurrence of growth. Up to 5 lactose-fermenting colonies were selected separately and subjected to routine biochemical tests. The samples were then stored and sub-cultured for further analysis.
E. coli Serotyping
All the isolates were serotyped via the O serotype slide agglutination test using a diagnostic E. coli antisera kit (Bahar Afshan, Iran) according to the manufacturer's guidelines.
Outer Membrane Protein Extraction
Pure cultures of the E. coli samples were grown at 37 °C in 2 mL of the LB broth medium (Merck, Germany) under constant shaking at 200 rpm for 6-7 hours. For sub-culturing, 100 µL of the culture was inoculated into 10 mL of the LB medium and incubated overnight at 37 °C with constant shaking. Then, the cells were harvested by centrifugation at 10000 ×g for 10 minutes and the precipitate was suspended in 300 µL of 10 mmol/L of HEPES (Sigma, Germany). The cells were lysed using glass beads, and centrifuged at 10000 rpm/min for 15 minutes at 4 °C.
A total of 750 µL of a 2% Lauroylsarcosine sodium (Sigma, Germany) solution was added to the supernatant. After 20 minutes of incubation at room temperature, the mixture was centrifuged at 10000 rpm for 1 hour at 4 °C.
The precipitate was dissolved in 3 mL of 10 mmol/L of HEPES and an equal volume of a 2% Lauroylsarcosine sodium solution. The above step was repeated twice. The precipitate was dissolved in an appropriate amount of HEPES (10 mmol/L) and stored at −20 °C.
Analysis of the Outer Membrane Proteins
The OMP samples were analyzed using10%SDS-PAGE.
The protein concentrations of the prepared OMPs were measured by the method of Lowry et al. 17 SDS-PAGE was performed with 4.8% stacking and 12% separating gel after the OMP preparation was solubilized at 100 °C for 5 minutes in 0.05 M of Tris-HC1 buffer (2.5% SDS, 5% 2-mercaptoethand, 25% glycerol, and 0.03% bromophenol blue). Protein bands were detected after 1 hour of staining with 0.25% Coomassie brilliant blue R250 (Sigma, Germany) using low molecular weight protein markers (Fermentas, Germany). Protein markers (10-200 kDa) were used for SDS-PAGE. The gel images were then scanned and analyzed by Image J software.
Protein bands can appear as 30-43 kDa protein bands. 14, 16 According to the number of protein bands, the OMP type in the present study was determined as OMP-I with 2 bands, OMP-α with 3 bands, and OMP-β with 1 band.
Statistical Analysis
The data were analyzed using Statistical Package for the Social Sciences (SPSS), version 15.0 (SPSS, Inc., Chicago, IL, U.S.A.). Comparisons of the categorical variables were done using the chi-square test. The level of significance was set at a P<0.05 using 2-sided comparisons.
All data were collected anonymously in accordance with legal requirements regarding data protection and medical confidentiality. Approval was obtained before the commencement of the study from the Ethics Committee of the Faculty of Human Research.
Results
E. coli Samples
Totally, 115 samples were isolated from patients with UTI from Nemazee Hospital, Shiraz, Iran, in 2012. Among the patients, 41.6% were hospitalized and 58.4% were from the outpatientdepartment (OPD). The majority of the hospitalized patients were in the internal ward and only 4 (3.5%) patients were in the neurology ward (figure 1).
Serological Results
The results of the serological test showed that 63.5% of the samples were nontypeable by the used kit and the other samples were categorized in serogroups (O26, O55, O86, O127, O44, O125, O128, O20, and O114). figure 2 shows the serological results and the percentages in each group.
Banding Results of the Outer Membrane Proteins
The OMPs of the E. coli isolates were investigated via SDS-PAGE and grouped in 3 categories (table 1) .
The patterns obtained for the major OMPs with apparent molecular weights between about 30 and 42 kDa are shown in figure 3 .
Analysis of the SDS-PAGE results showed that 89.5% of the samples were OMP-I. In OMP-I type, 2 sub-types were determined: AB and BC. No significant differences were detected between the frequencies of the 3 E. coli banding patterns ( banding analysis in the hospital wards showed a difference in the major band types. In the internal ward patients, 90% of the isolates were BC type, 5% were ABC type, and 5% were AB type. The major OMP banding was AB (50%) in the emergency department and BC (80%) in the intensive care unit. In all the 3 wards (internal ward, emergency department, and intensive care unit), the major serological results were nontypeable and O128.
Comparison of the Wards and Banding Results
The comparison analysis between the hospital wards and the OMP banding types showed that 19.67% of the isolates from the OPD patients were AB type, 68.85% were BC type, and only 11.47% were ABC type. Among the hospitalized patients, 24% of the isolates were AB type, 66.66% were BC type, and 8.92% were ABC type. No significant differences were detected in AB or BC banding types in the isolates between the hospitalized patients and the OPD ones. ABC type band pattern frequency in the isolates from the hospitalized patients was lower than that for the isolates from the OPD patients (P=0.008). The comparison analysis of the results is presented in figure 4 .
In our study, no significant differences were detected in the frequencies of the SDS banding patterns of AB (P=0.23) and BC (P=0.26) between the isolates from the patients in the hospital wards and the isolates from the OPD patients.
Comparison of the Wards, Outer Membrane Protein Types, and Serological Tests of the E. coli Isolates
The comparison analysis between the wards, OMP types, and serotyping results showed that nontypeable BC type isolates were the most frequent isolates in the hospital wards and the OPD. AB with O114 and ABC with O44 were detected only in the hospital wards and ABC with O125, ABC with O86, ABC with O127, and BC with O44 were found only in the OPD isolates (figure 5).
Discussion
Although E. coli is carried in the intestinal tract as a harmless commensal, it is an important cause of UTI worldwide. The cell wall of E. coli as a Gram-negative bacterium contains the lipopolysaccharide outward of the outer membrane, which has special channels consisting of proteins called OMPs for the entry of hydrophilic molecules. A study of the OMPs in bacteria for both integral and lipidlinked membrane proteins is considered to be a practical way to determine their functional role in virulence and also the clonality or the heterogeneity of Gram-negative bacterial isolates. 15, [18] [19] [20] High copy number bacterial OMPs, including OmpA, OmpC, and OmpF, have been detected and characterized by using a variety of biochemical methods. 15, [20] [21] [22] [23] SDS-PAGE analysis of bacterial OMPs have shown to be a valuable method in the detection of various human and animal sources of infections in previous studies. Also, SDS-PAGE analysis of OMPs has been used to trace E. coli isolates from avian and calf infections. [14] [15] [16] 20 The present research is the first report of its kind to use both OMP patterns and O antigen to investigate the relationships between the collected human uropathogenic E. coli isolates. Our results revealed that the majority of the 115 samples collected from patients with UTI from Nemazee Hospital were from the OPD. The hospital isolates were mostly from the internal ward and the intensive care unit. The non-serologically typeable BC pattern of OMPs constituted the most frequent isolates in the hospital wards and the OPD. Isolates showing AB pattern with O114 antigen and ABC pattern with O44 antigen originated only from the hospital wards, whereas ABC types of OMPs with O86, O125, and O127 antigens and also BC type with O44 antigen were found only in the OPD isolates. Accordingly, BC type was the most prevalent OMP type of the 3 OMP types disseminated in either hospitalized or OPD patients widely. There is no human work on the OMP patterns of E. coli isolates. In agreement with our study, in an animal work on 23 E. coli isolates collected from calf diarrhea, SDS-PAGE showed the presence of proteins with 27 to 39 kDa molecular masses. It should be noted that the strains with O127 antigen and ABC type which were isolated in our OPD patients came from diarrheic calf in that study. 20 This might be due to the animal origin of E. coli, which may lead to UTI in OPD patients. Other O serotypes of E. coli isolates in our study might have been endogenous or hospital acquired.
Recent investigations in patients with UTI have shown different O serogroups of E. coli strains. In our study, we detected 9O serogroups of E. coli, with O125, O44, O128, O20, and O114 being the most common ones. Nonetheless, a study on the O serogroups of strains causing acute UTI in E.coli isolates from children with UTI in the Iranian city of Jahrom showed that the most common type of O antigen was O1 (12.2%). 24 A similar study in patients with UTI in the southeast of Iran determined that the most common types of O antigens were O2 (16.43%), O6 (16.43%), and O18 (13.69%). 25 Also, in a research on hospitalized or OPD patients with UTI in the emergency unit at Baqiyatallah Hospital in Tehran, Iran, 13 serogroups were determined (O1, O2, O6, O7,O16, O22, O75, O83, O4, O8, O15, O21, and O25)andO15 and O25 serogroups had the major prevalence. 26 In many studies in Iran,O6 is the most common type of uropathogenic E. coli found. 25 The difference might be related to the huge diversity of E. coli O serotypes inasmuch as more than 180 O antigens have been recognized for E. coli.
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The difference might also be reflected from the methods employed for O serotyping.
Overall, our results demonstrated an unequal distribution of the studied uropathogenic E. coli isolates in O serotypes in the hospital wards and the OPD, denoting a high diversity among E. coli strains detected via OMP pattern analysis using SDS-PAGE.
Given the prevalence of the BC type of OMPs and the role of OMPs in bacterial pathogenicity, it can be implied that there is a relationship between this specific OMP type and the ability of E. coli to cause outbreaks. Also, OMP typing for E. coli and many other bacteria can be useful for epidemiological studies and finding the source of infection. 16, [27] [28] [29] [30] Similar to previous studies, the current research found no obvious relationship between a specific OMP types and E. coli serotypes. However, our comparative study between different hospital wards and the OPD and OMP types and serotypes showed that specific OMP types and serotypes were found only in the hospital wards. As a result, together with serotyping, OMP typing can help improve epidemiological studies.
A, B, and C bands were related to OmpF, OmpC, and OmpA, respectively. This determined a relationship between OMP banding, genetics, and bacterial virulence. Various functions of OMPs were determined, and a comparison analysis between the OMP bands and the function of each OMP was used to predict the bacterial virulence. The major bands in the current study were B and C, related to OmpC and OmpA. OmpA is a major target in host cell defense, and the beta-barrel structure of OmpA is important for outer membrane stability and involvement in bacterial virulence in E. coli. OmpC allows small molecular weight hydrophilic materials across the outer membrane and has antimicrobial resistance functions. Considering OMPs as a vaccine candidate against E. coli and suggesting future investigation in to any relationship between OMP type heterogeneity and virulence properties can be considered the practical applications of this study.
Conclusion
Our results demonstrated that of all the OMPs in the isolates collected from the hospitalized and OPD patients, OmpA and OmpC were the most prevalent proteins in the outer membrane of the studied uropathogenic E. coli. These results also showed a need for effective treatment strategy against OmpA and OmpC types of uropathogenic E. coli strains.
